Introduction
Within the past two decades, geologists and seismologists looking at ancient and modern patterns of large earthquakes have concluded that active faults typically do not generate regular patterns of earthquake recurrence [Sieh et al., 1989; Jacoby et al., 1988; Thatcher, 1989; Matsuda et al., 1978] . These discoveries have inspired theoretical work that suggests that even deterministic physical systems may produce complex temporal and spatial patterns of fault rupture [Rundle, 1988; Stuart, 1986; Ward, 1992] . The timing and rupture extent of large earthquakes may even be chaotic, rather than time-predictable or characteristic [Huang and The study site is located on the Carrizo segment of the fault, the segment which contains the largest offsets associated with the great 1857 earthquake [Sieh, 1978; WGCEP, 1988] . Inset map shows local features mentioned in the text.
additional evidence of past large earthquakes on the Carrizo segment of the San Andreas fault.
Site Selection
To determine the dates and offsets associated with the past several large earthquakes, we sought a site where sediment has been accumulating across the fault over the past millenium. To allow discrimination of individual events, the sedimentation must have occurred more frequently than surface-rupturing earthquakes. For optimum use of radiocarbon dating methods, the time interval between depositional events should be less than the error bars on radiocarbon analyses, that is, less than a few decades.
In the semiarid Carrizo Plain, sediment is deposited primarily as debris flows on alluvial fans during the wetter winter months. Inspection of twentieth-century aerial photos indicates that storm runoff deposits sediments on the fans every decade or two. However, the locus of deposition migrates across the fans on a timescale that is much longer than the interval between storms. Therefore areas on the fans experience long hiatuses in deposition interspersed with periods of frequent sedimentation. Hence for this study we sought an aggrading alluvial fan, traversed by the San Andreas fault and with a discernible pattern of prehistoric sedimentation. On the Bidart Ranch 5-6 km southeast of Wallace Creek the fault traverses an alluvial fan that appeared on geomorphic grounds to meet this requirement.
Bidart Fan
The Bidart fan is fed by ephemeral streams that drain the western flank of the Temblor Range and the northern Panorama Hills (Figures 1 and 2 The surficial pattern of sedimentation and channel incision on the Bidart fan suggests that the area of active sedimentation has swept across the fan from northwest to southeast over the time period of several earthquake cycles. Northwest of the center of the fan, near trench 2, an incised stream channel is offset by the fault (Figure 3) . We suspected that this offset formed during the 1857 earthquake because the Phelan fan and a channel 3 km to the northwest ( Figure 1) were offset approximately the same amount during the 1857 earthquake [Grant and Sieh, 1993] . Therefore the adjacent northwestern part of the Bidart fan had probably been actively sedimenting prior to but not since 1857. At the northwestern edge of the fan another incised ephemeral channel is offset 14.6-18.4 m (Figure 4 ). This larger amount of slip would represent at least the 1857 and one previous prehistoric earthquake. Thus parts of the fan adjacent to the larger offset probably were active before but not after the last two or more earthquakes.
From these geomorphic clues we anticipated we would be able to piece together a complete recurrence story from several well-placed excavations across the Bidart fan. Because the channel near trench 2 is offset roughly half as much as the channel near trenches 3 and 4, the channel near trench 2 must have incised sometime between 1857 and the penultimate earthquake. Therefore we expected to find a better record of the penultimate event near the smaller offset because we hypothesized that sediment was deposited on the central portion of the fan prior to incision of the channel. We placed trench 2 next to the smaller offset to search for evidence of the penultimate earthquake (Figure 3 ). Because the incised channel offset 14.6-18.4 m at the northwestern edge of the Bidart fan was presumably formed by more than one earthquake [Sieh, 1978] , the northwestern part of the fan would have been the depositional lobe of the fan between the penultimate event and one or more previous events. Therefore we placed trench 3 next to this offset and trench 4 astride a small graben nearby to examine evidence of older earthquakes (Figure 4) . 
Methods
After excavating the trenches, we cleaned off, surveyed, and mapped the walls in detail at a scale of 1:20. We collected hundreds of samples of organic material and charcoal from the trench walls. Only a few of these samples were large enough for radiocarbon dating by accelerator mass spectrometry (AMS).
We recorded stratigraphic evidence of surficial rupture associated with earthquakes. Several stratigraphic features indicate large prehistoric earthquakes. Events are recognized in the trench walls primarily by broken and tilted beds overlain by unbroken beds and by upward terminations of fault traces. A single upward termination of a fault trace may be tenuous evidence for an event [Bonilla and Lienkaemper, 1990] , especially if the vertical separation across the fault is less than a few centimeters.
To be confident of a distinct event, evidence must exist at the same stratigraphic horizon at several locations in the trench and on both walls. Therefore all of the events we report were caused by substantial surficial rupture, probably of the order of a meter or more. Fault zone breccia is distinguished from bioturbated zones by vertical fabrics and facies changes or differences in beds on opposite sides of the zone. We assign letter names to each event and describe the evidence in each trench.
Trench 2 and the Penultimate Earthquake
Structure and Stratigraphy 
Radiocarbon Dating of Event B
Numerous fragments of detrital charcoal and organic material were embedded in the walls of all three trenches, but very few of the samples were large enough to be dated with AMS (Table 1) . Some of the dated samples from trenches 3 and 4 were too small to measure the •13C ratio, which complicates the interpretation of their ages. A more serious complication is the detrital nature of most samples. The radiocarbon age of detrital wood can be considerably greater than the depositional age of a bed which contains it [Blong and Gillespie, 1978; Nelson, 1992] . In the Carrizo Plain, radiocarbon dates on samples from the same stratum can differ by several hundred years [Grant and Sieh, 1993] . Thus the radiocarbon ages of samples must be evaluated with other information to determine the age of the events.
The date of event B is constrained by analysis of two radiocarbon samples from trench 2. The uppermost part of the paleosol at the surface of unit 8 contained nonwoody flakes of organic material resembling blades of grass which we collected for AMS dating (sample BDT2-22). The flakes appeared to be in situ plant material. The radiocarbon age of sample BDT2-22 yields a 2tr calendric age range of A.D. 1405-1510. The measured /313C is consistent with values reported elsewhere for C-4 plants [Smith and Epstein, 1971] . A detrital, woody sample (BDT2-35) was collected from overlying unit 6. It yields an overlapping but older 2tr calendric age range of A.D. 1290-1415. Since this sample is detrital, it may be older than the bed that contained it. However, the grassy fragments of sample BDT2-22 were preserved in situ, are not detrital, and probably had a short lifespan.
Since the paleosol is broken by event B, the earthquake occurred after the paleosol had formed. 
Trenches 3 and 4 and Older Events
Trenches 3 and 4 were cut next to the larger (14-18 m) offset to find evidence of earthquakes prior to event B.
Because the stream channel is offset at least twice as much as the channel near trench 2, we assume that the offset formed during slip in earthquakes A and B, at least. It is a reasonable assumption that incision of the channel occurred prior to offset, that is, prior to event B. We hypothesized that this area was the depositional lobe of the Bidart fan during the time of a depositional hiatus in the sections of trenches 1 and 2. We placed trench 3 next to the offset channel to date earthquakes prior to event B and to try to determine the amount of slip associated with the last few earthquakes. Sediment was deposited in a neighboring graben (Figure 4) during the 1991 storms, suggesting to us that enough sediment might have been deposited in the graben to preserve evidence of postincision earthquakes which occurred after the depositional lobe of the fan migrated southeast. Therefore we excavated trench 4 across the graben to relate the stratigraphic section of trench 3 to the number of earthquakes which occurred after incision of the offset channel.
Structure and Stratigraphy
The sediments and structures in trenches 3 and 4 reflect the depositional environment and structural evolution of a graben. Trench 3 straddles a topographic high, or moletrack, within the fault zone (Figure 4) . Thick beds in the central blocks of trench 3 suggest that they were deposited in a graben and subsequently uplifted. Thicker, down-dropped beds below the topographic graben in trench 4 indicate that the structural depression has persisted over several earthquake cycles.
Major fault zones separate stratigraphically coherent blocks within each trench (Figures 8 and 9 (Figure 1 lb) , where it is expressed as a single trace that terminates below unit 40. Elsewhere, faults from event B appear to splay outward from fault zones associated with event A (Figures  1 la and 1 lb) . These "splays" consistently terminate below unit 40. The existence of major facies changes across fault zones that appear to have moved in both events A and B suggest substantial strike-slip motion (Figure 1 l a) . Substantial facies changes are present across the graben boundary faults as well (Figures 11d and l 1 c) , suggesting that they have been active for more than one event, including event B.
The dearth of sedimentation after deposition of unit 80 in trench 3 prevents determination of the number of earthquakes represented by the near-surface ruptures exposed in the walls of trench 3. The geomorphology of the site, In trench 4 a thin clay bed (unit 150) preserves evidence of earthquake E (Figures 1 l e and 1 lf) . On both walls, several fault traces with measurable offset terminate at unit 150, •he clay bed is irregular above the fault terminations. It is not clear whether the bed was at the ground surface at the time of the event or was deposited shortly after the event. In Table 1 for analytical details and text for discussion.
240. Fissures at the surface of unit 24 are filled with gravels from overlying unit 220 (Figures 12b and 12c) . Differences in the thickness of unit 240 across faults (Figure 12c ) and the presence of nearly horizontal slickensides indicate that the discontinuities are faults and not mud cracks.
Radiocarbon Dating of Beds and Earthquakes
Radiocarbon dating of samples from trenches 3 and 4 yields estimates of the dates of events prior to event B. The results of radiocarbon analysis of all dateable samples are summarized in Table 1. In trench 3, two samples place gross constraints on the date of event G. Sample BDT3-46 was embedded in clay at the top of unit 240, which is faulted by event G. Error bars on the radiocarbon age of this sample are unusually large (Table 1) Dates of younger samples from trench 4 are plotted in Figure 13 . From our observations we believe that these samples were collected from intact beds which were not bioturbated. Several samples in the upper part of the section are as old, or older, than samples near the base of the trench. Event The lack of appreciable difference in the age of most samples A probably is due to their detrital nature. It is possible that a range fire in the Temblor Range, about A.D. 1100, produced charcoal that continued to be carried to the Bidart site for B two to three centuries. To minimize dating problems from detrital wood contamination, we assume that the youngest c samples represent the closest approximation to the date of a particular stratigraphic level. This allows us to estimate the average length of intervals between events, despite large D error bars on the dates of individual events (Table 2) .
Average Recurrence Intervals
Radiocarbon dates provide constraints on the time intervals between earthquakes. Sample BDT4-64 (Table 1, Figure  13 ) was embedded in clayey unit 150, which was either cut by event E or draped the fissure from event E shortly after the earthquake. A high-precision 2or radiocarbon age for this sample is A.D. 1218-1276. The texture of the sample and its isotopic composition indicate that it is detrital wood. Thus, although it is younger than several samples above it, it may still be older than bed 150, in which it was entombed. Since Ambiguities in earthquake dates result from the poor quality of our radiocarbon constraints. We hope that more definitive dates can be determined by better dating of strata in the future. The principle contribution of this study is the dating of event B to within the 15th century and the documentation of an apparent cluster of events between the 13th and 15th centuries.
Correlation of Earthquakes
We can use radiocarbon dates of prehistoric earthquakes and accounts of historic earthquakes to hypothesize the length of past rupture events on the southern half of the San Andreas fault (Figure 15 ). Overlapping error bars on the Our findings are contrary to this characterization. We find that during the past eight centuries, the fault has been characterized by a 200-300-year cluster of large earthquakes, followed by 400 years of quiescence, followed in turn by the great 1857 earthquake. This irregular pattern is similar to the temporal clustering first reported for the San We speculate that incomplete strain release during large earthquakes may allow temporal clustering at the Bidart fan and Pallett Creek sites. Heaton [1990] proposed that rupture occurs as a self-healing slip pulse that propagates so quickly along the fault that release of all the accumulated strain may be incomplete. This phenomenon could lead to multiple, clustered failures of the fault near the end of an interseismic cycle. The period between the end of one temporal cluster and the end of the next might best be termed a "supercycle" because the cycle terminates in several events rather than just a single large earthquake.
If the temporal clustering that we describe has a deterministic cause, then it is interesting to ask if we are currently Thus the use of differences in slip magnitude to delineate segments is tenuous at this time. Currently, the most reliable basis for retaining the concept of segmentation along the southern half of the San Andreas fault is the different earthquake histories available from the Bidart fan, Pallett Creek, and Wrightwood sites [Sieh et al., 1989; Fumal et al., 1993] . Figure 15 shows that dates of prehistoric earthquakes at Bidart fan are markedly different than those at Pallett Creek. Likewise, there are significant differences in the records of earthquakes at the Pallett Creek and Wrightwood sites. By this criterion, Carrizo, Mojave, and San Bernardino segments exist, but their boundaries are poorly constrained.
The data from the Bidart fan site are meager, but they do allow us to place incrementally greater constraints on the behavior of the San Andreas fault. Earthquake forecasts and probability calculations may be improved by incorporating models of irregular earthquake occurrence. A clustered earthquake model is but one conceptual model that describes the small set of paleoseismic data for the San Andreas fault. Nonetheless, it is an improvement over theoretical models of regular earthquake recurrence proposed for the Carrizo Plain [Sieh et al., 1989] . As more dates become available, our ability to discern patterns of past earthquakes will improve. Eventually, we hope that a relatively complete paleoseismic data set will allow forecasting of future earthquakes.
